Abeiraet-We have studied the extent to which certain transport processes affect ion composition and heat flow in the daytime, topside Venus ionosphere. Particular attention is given to the conditions that prevailed during the Mariner 5 measurements, at which time the topside Venus ionosphere appeared to be in a state of diffusive equilibrium. We have found that the ion composition is sensitive to the ion temperature, the ion temperature gradient, and to reiative drifts between the ion species of a few m/set. The electron density, on the other hand, is very insensitive to these parameters. As a consequence, ionospheric models of the topside Venus ionosphere are not likely to yield definitive information about the ion composition, the thermal structure or the flow conditions, since at present only electron density profiles are available for testing model predictions. We have also found that a relative drift between the ion species of a few m/see induces an ion heat flow that is equivalent to a 1 K/km temperature gradient. This induced heat flow could influence the energy balance in the topside Venus ionosphere.
At present, the only substantial information we have about the Venus ionosphere derives from the Mariner 5 and 10 me~urements (Kliore et af., 1967; Eshleman et al, 1967; Howard ef at., 1974; Fjeldbo et al, 1975) . At the times of the two measurements, however, there was a significant difference in the structure of the dayside Venus ionosphere. The electron density profile observed by Mariner 10 has two distinct ledges, one near 180 km and the other near 250 km, while the Mariner 5 profile does not exhibit pronounced ledges. Furthermore, the electron density scale height in the topside ionosphere appears to be that appropriate to diffusive equilibrium for Mariner 5, while large upward or downward flow velocities are needed to explain the Mariner 10 topside electron density scale height (Bauer and Hartle, 1974; Nagy et al., 1975) . The difference between the Mariner 5 and 10 dayside ionosphere is undoubtedly due to a solar win~ionosphere interaction mechanism (Bauer and Hartle, 1974) . At the time of the Mariner 5 measurement, the ionopause was located at about 500 km, while for Mariner 10 it was at approximately 350 km.
There have been a number of theoretical models of the daytime Venus ionosphere (McElroy, 1968; McElroy and McConnell, 1971; Herman et al., 1971; Kumar and Hunten, 1974; Bauer and Hartie, 1974; Nagy et al., 1975) . In the early modeis, the neutral exospheric temperature was taken to be 700 K, while in the more recent models of Kumar and Hunten (1974) , Bauer and Hartle (1974) and Nagy et al. (1975) a 350 K exospheric temperature was adopted. As far as the charged particle temperatures are concerned, the various models cover a range of adopted ion and electron temperature profiles. For example, Nagy et al. (1975) set Ti = 350 K at all altitudes above about 160 km, while Kumar and Hunten (1974) assumed that T = 1500 K. The difficulty with the charged particle temperatures is that there are no direct experimental data on electron or ion temperatures in the Venus ionosphere. At present, only the theoretical calculations of Whitten (1969) , Herman et al. (1971) and McCormick et al. (1976) are available as a guide to the thermal structure of the Venus ionosphere. These calculations indicate that significant differences between neutral, ion, and electron temperatures are possible in the topside Venus ionosphere and that appreciable ion and electron temperature gradients are also possible. However, the magnitudes of the theoretical temperatures are uncertain, because the different authors assumed different boundary conditions and different ionospheric models.
The recent ionospheric models of Kumar and Hunten (1974) and Nagy et al. (1975) We have recently derived diffusion and heat flow equations for a gas mixture composed of two major ions, electrons and a number of minor ions (St.-Maurice and Schunk, 1977) . These equations were derived from the 13-moment system of transport equations presented by Schunk (1975) with the assumption that the species temperature and drift velocity differences were small. The new equations therefore appear to be applicable to the topside Venus ionosphere for the conditions occurring at the time of the Mariner 5 daytime measurements.
Using the new transport equations, we have studied the extent to which various transport processes affect the structure of the topside Venus ionosphere (200-400 km). Because of the uncertainty in the thermal structure of the Venus ionosphere, we have considered a couple of base ion temperatures and several ion and electron temperature gradients. We have also considered relative flows between the dominant ions. For the ion densities at our lower boundary (200 km), we have adopted the CO*+, 02+ and 0' densities calculated by Nagy et al. (1975) .
In Section 2, we present the diffusion and heat flow equations and briefly discuss some of the new transport terms. In Section 3, we present ion and electron density profiles corresponding to Mariner 5 conditions, and we discuss the possible importance of induced ion heat flow due to a relative drift between the dominant ion species. Section 5 contains our summary.
TEEORY
The recent ionospheric models of Kumar and Hunten (1974) and Nagy et al. (1975) clearly indicate that transport is more important than chemistry at altitudes above about 190 km. We have also found that at these altitudes the plasma is effectively fully-ionized. This is shown in Table 1 , where we compare the Coulomb collision frequencies with the ion-neutral collision frequencies for the ionospheric model considered by Nagy et al. (1975) . The COz, CO and 0 densities needed in the calculation of the ion-neutral collision frequencies were extrapolated from the values given by Liu and Donahue (1975) important than ion-neutral collisions, especially for the minor ions.
We have recently derived difIusion and heat flow equations for a fully-ionized multicomponent plasma composed of two major ions, electrons, and a number of minor ions. Letting subscripts i and j correspond to the major ions, subscript x to the minor ion, and subscript e to the electrons, these equations can be expressed in the form: 
where the electron density and drift velocity are obtained from the requirements of charge neutrality and charge conservation, respectively, n, = ragi + ngi
n,o, = n,Z,u, + +r,uj.
In equations (l)--(8), n, is the density of ion species i, m, is the mass, Ti is the temperature, zi is the ion charge number, pi = hmi is the mass density, ui is the drift velocity, qi is the heat flow Several simplifying assumptions are implicit in the diffusion and heat flow equations. These equations were derived by assuming steady-state conditions, by neglecting stress and non-linear acceleration terms, and by using Burgers' linear collision terms (Burgers, 1969) . The use of Burgers' linear collision terms implies small temperature and drift velocity difIerences between the interacting species.
Equations (l)-(3) can be used to treat a situation in which there is more than one transition region, say from CO,' to 02+, and then from 0,' to O+, by redefining the major and minor ions at an altitude which lies between the two transition regions. If the charged particle temperature and flux profiles and the lower boundary ion densities are specified, equations (l)-(3) can be integrated numerically using a Runge-Kutta integration technique to yield altitude profiles of ion density. 
TOPSIDE VENUS IONOSPHEXE

Effect of ion temperature gradients
To illustrate the sensitivity of the ion composition to ion temperature, we present in Fig Although there is a significant change in the ion composition as the gradient in the ion temperature increases, there is a very small change in the electron density profile. Further model calculations, which are described below, covering the same range of ion temperature gradients but for a greater base ion temp.erature yield the same result. Therefore, if the ion temperature in the topside Venus ionosphere is less than or comparable to the electron temperature, as assumed in all of our models, our results indicate that the Mariner 5 electron density profile cannot yield definitive information on the ion temperature gradient. As with TB = 350 K, an increase in the ion temperature gradient acts to increase CO*+ and 02+ densities and reduce the 0' density at all altitudes. However, the change in the ion density profiles for a given ion temperature gradient is not as large for TB =700 K as for TB = 350 K. Furthermore, although thermal diffusion is important for TB = 350 K and VT, > 3 K/km, it has a negligibly small effect on the profiles for 'I" = 700 K for the three temperature gradients considered. protons then transmit energy and momentum to the thermal ions as they are slowed. Because of a more favourable mass ratio, the solar wind protons would exchange energy and moment more readily with 0' than either 02+ or COz+ and this, in turn, could result in an elevated 0' temperature gradient and a relative drift between 0' and the molecular ions. This latter effect is discussed in the next subsection.
Again we note that although there are significant differences in the altitude structure of the ion densities for the various cases shown in Figs. 3 and 4 , there is a negligibly small difference between the electron density profiles.
Efiect of 0' pOws
The ion diffusion equations (l)-(3) contain couplmg terms that are proportional to the relative drift between the diierent ions. For a gas with a single major ion, the major ion-minor ion coupling term accounts for the tendency of the major ion to drag the minor ion along as it flows @chunk and Walker, 1970a, b). In the topside Venus ionosphere, however, it is likely that the lighter, minor Although upward and downward O+ fluxes of 7 x 10' and 1 x ld cmm2 set-', respectively, appreciably affect the ion composition they have a relatively small effect on the electron density. This illustrates the insensitivity of the electron density to small 0+-molecular ion drift velocity differences.
As a final point on ion flows, we note that if the coupling of the ions through the frictional drag terms is neglected, the major and minor ion difhrsion equations take the form ui = -Di where we have neglected thermal di%sion terms so that this equation is directly comparable to difIusion equations used in previous studies of the ionosphere of Venus. Equation (9) resembles the diffusion equation for an ion in a weakly-ionized, stationary gas, except that the diffusion coefficient in equation (9) It is apparent that au electron temperature gradient can sinewy reduce the electron density scale height over a limited altitude range, but eventually the increasing electron temperature offsets the effect of the electron temperature gradient.
We have also considered various ion temperature gradients in combination with the electron temperature gradient, but as noted earlier the electron density profile is very insensitive to the ion temperature profile. We therefore conclude that the reduced, topside electron density scale height measured by Mariner 10 is probably not a result of an enhanced ion or electron temperature gradient. 
Electron density profile
From our calculations, we have found that the electron density profile is very insensitive to the ion temperature, the ion temperature gradient, and to relative drifts between the ion species of a few m/set. To illustrate this insensitivity, we show in Fig. 8 the range of electron density profiles obtained from all of our calculations, except those dealing with enhanced topside electron temperature gradients. Because of this insensitivity, more extensive measurements of the topside Venus ionosphere will be needed before ionospheric models can obtain definitive information on the processes governing the structure of the topside ionosphere. The insensitivity of the electron density in the topside, terrestrial ionosphere has also been noted by Schunk and Walker (1969) for diflusive equilibrium conditions.
Induced ion heat flow
Our final discussion deals with the heat flow equations (4x6).
As noted by St.-Maurice and Schunk (1977), a temperature gradient in either major ion gas causes heat to flow in both gases. Also, a relative drift between the major ion gases causes heat to 0ow in both gases. Similar heat flows also occur in the minor ion gases. In our previous study (St.-Maurice and Schunk, 1977), we have shown that these heat flow processes can have an important influence on the thermal structure of the topside terrestrial ionosphere and, therefore, it is of interest to study their possible importance in the topside ionosphere of Venus.
The importance of the heat flow processes can be determined by comparing the terms in the heat flow equations. This comparison can be done, for example, by setting the relative flow term in the species heat flow equation separately equal to both major ion temperature gradient terms. With this procedure, we not only can determine which temperature gradient term is more important, but we also obtain the magnitude of the relative drift that produces the same heat flow as a given temperature gradient.
The results of such a comparison are shown in Table 2 for the case where 0' and 02+ are the major ions. In generating this table, we set T(O+) = T(0,') = 700 K, VT(0') = VT(0,') = 1 K/km and n, = 3 x 10" cnm3. Since the drift velocity differences shown in Table 2 are approximately proportional to T:" VTJn,, where s = 0' or Ozc, they can be readily scaled to other values of these parameters. In the expression for q(O,+), larger 0+-O,+ drift velocity differences are needed to match the VT(0, ') term than the VT(0') term when 02+ is the major ion, indicating that the VT(02+) term is the dominant temperature gradient term. However, when the 0, ' gradient is nearly as effective in driving an 0,' heat flow as an 0,' temperature gradient. For q(0') we tind a similar effect in that the dominant temperature gradient term is the VT(0') term when 0' is the major ion, but when the O* and 0,' densities are comparable or when Oc is minor both 0' and 0,' temperature gradients are effective in driving an O* heat flow.
With regard to the ion heat flow induced by an 0+-02+ relative drift, the larger numbers for a given q indicate the relative drift that is needed for this process to match the heat flow induced by the dominant temperature gradient term. For 0', an O+-Ozf relative drift of only a few m/set induces an 0' heat flow equivalent to a 1 K/km temperature gradient, if the 0' density is comparable to or smaller than the O,+ density. Likewise, for O,+ we find that an 0+-O, ' relative drift of less than 10 m/set is equivalent to a 1 K/km temperature gradient when the O,+ density is comparable to or smaller than the 0' density. Relative drifts between the different ion species of this order of magnitude occur in the topside terrestrial ionosphere for various reasons (Bailey et al., 1973; Vickrey et al., 1976) , and it is likely that they also occur in the topside Venus ionosphere, particularly if the solar wind-ionosphere interaction mechanism of Bauer and Hartle (1974) is operating. The convergence or divergence of the heat flow induced by a relative drift between the different ions could have an important influence on the thermal structure of the topside Venus ionosphere.
SUMMARY
We have studied the extent to which certain transport processes affect the structure of the topside Venus ionosphere. In particular, we have obtained daytime, steady-state profiles of ion and electron density from 200 to 400 km for a range of topside conditions. Our choice of lower boundary ion densities was motivated by the theoretical study of Nagy et al. (1975) , which indicated that O,+ was the dominant ion at 200 km.
From our study we have found:
(1) The ion temperature has a significant influence on the ion composition, but a negligible influence on the electron density profile.
(2) An 0' temperature gradient has a larger effect on the ion composition than does a temperature gradient in either of the molecular ion gases.
(3) Thermal diffusion may have an appreciable effect on the ion density profiles if the ion temperature gradients are larger than about 3 K&n.
(4) An enhanced electron temperature gradient over an extended altitude range in combination with a low base electron temperature acts to lower si~~~n~y the electron density scale height in the 200-300 km altitude range, but the reduction is not sufficient to explain the Mariner 10 data.
(5) Coulomb collisions are more important than ion-neutral collisions in the topside Venus ionosphere and, therefore, the plasma is effectively fullyionized.
(6) An upward 0' flux of 7 x lo5 ~m-~sec-' is close to the critical 0" flux for our lower boundary 0' density (7.9 x lo2 err-'). Since 0,' is the dominant species impeding the upward flow of 0', at the critical flux the 0' density falls off with the 02+ scale height.
(7) Downward 0' fluxes of about 1 X lo6 cmw2 set-' appreciably affect the ion composition, but have a small effect on the electron density.
(8) Upward 0' fluxes and enhanced ion temperatures act to raise the 0+-O," transition altitude and, thereby, act to maintain 02+ as the dominant topside ion.
(9) A relative drift between the ion species of only a few m/see induces an ion heat flow equivalent to a 1 K/km temperature gradient. One of the more important results that we have obtained is that the electron density profile in the topside Venus ionosphere is relatively insensitive to the ion temperature profile and to relative drifts between the different ions of a few m/set. On the other hand, the ion composition is sensitive to these parameters. Consequently, at present it is not likely that ionospheric models wilI yield definitive infor- Kumar, S. and Hunten, D. M. (1974) . Venus: an ionomation 0; the ion compositi& the thermal structure or the flow conditions in the topside Venus ionosphere, since only electron density profiles are currently available for testing model predictions.
